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Description 

BACKGROUND OF THE INVENTION 

1) Field of the Invention 

This environmental-quality invention is in the field of chemical conversion coatings formed on metal substrates, 
for example, on aluminum substrates. More particularly, one aspect of the invention is a new type of oxide coating 
(which I refer to as a "cobalt conversion coating") which is chemically formed on metal substrates. The invention en- 
hances the quality of the environment of mankind by contributing to the maintenance of air and water quality. 

2) Description of the Related Art 

In general, chemical conversion coatings are formed chemically by causing the surface of the metal to be "con- 
verted" into a tightly adherent coating, all or part of which consists of an oxidized form of the substrate metal. Chemical 
conversion coatings can provide high corrosion resistance as well as strong bonding affinity for paint. The industrial 
application of paint (organic finishes) to metals generally requires the use of a chemical conversion coating, particularly 
when the performance demands are high. 

Although aluminum protects itself against corrosion by forming a natural oxide coating, the protection is not com- 
plete. In the presence of moisture and electrolytes, aluminum alloys, particularly the high-copper 2000-series aluminum 
alloys, such as alloy 2024-T3, corrode much more rapidly than pure aluminum. 

tn general, there are two types of processes for treating aluminum to form a beneficial conversion coating. The 
first is by anodic oxidation (anodization) in which the aluminum component is immersed in a chemical bath, such as a 
chromic or sulfuric acid bath, and an electric current is passed through the aluminum component and the chemical 
bath. The resulting conversion coating on the surface of the aluminum component offers resistance to corrosion and 
a bonding surface for organic finishes. 

The second type of process is by chemically producing a conversion coating, which is commonly referred to as a 
chemical conversion coating, by subjecting the aluminum component to a chemical solution, such as a chromic acid 
solution, but without using an electric current in the process. The chemical solution may be applied by immersion 
application by manual application, or by spray application. The resulting conversion coating on the surface of the 
aluminum component offers resistance to corrosion and a bonding surface for organic finishes. The present invention 
relates to this second type of process for producing chemical conversion coatings. The chemical solution may be 
applied by immersion application, by various types of manual application, or by spray application. 

One widely-used chromic acid process for forming chemical conversion coatings on aluminum substrates is de- 
scribed in various embodiments in Ostrander et al. U.S. Patent 2,796,370 and Ostrander et al. U.S. Patent 2,796,371 , 
in military process specification MIL-C-5541, and in Boeing Process Specification BAC 5719. These chromic acid 
chemical conversion baths contain hexavalent chromium, fluorides, and cyanides, all of which present significant en- 
vironmental as well as health and safety problems. The constituents of a typical chromic acid conversion bath, such 
as ALODINE 1200, are as follows: Cr0 3 - "chromic acid" (hexavalent chromium); NaF - sodium fluoride; KBF 4 * - po- 
tassium tetrafluoroborate; KgZrFg - potassium hexafluorozirconate; K 3 Fe(CN) 6 - potassium ferricyanide* and HNO* - 
nitric acid (for pH control). 

Many aluminum structural parts, as well as Cd plated, Zn plated, Zn-Ni plated, and steel parts, throughout the 
aircraft and aerospace industry are currently being treated using this chromic acid process technology. Chromic acid 
conversion films, as formed on aluminum substrates, meet a 168 hours corrosion resistance criterion, but they primarily 
serve as a surface substrate for paint adhesion. Because of their relative thinness and low coating weights 430-1612 
mg/m* (40-150 milligrams/ft*), chromic acid conversion coatings do not cause a fatigue life reduction in the aluminum 
structure. 

However, environmental regulations in the United States, particularly in California, and in other countries are dras- 
tically reducing the allowed levels of hexavalent chromium compounds in effluents and emissions from metal finishing 
processes. Accordingly, chemical conversion processes employing hexavalent chromium compounds must be re- 
placed. The present invention, which does not employ hexavalent chromium compounds, is intended to replace the 
previously used chromic acid process for forming conversion coatings on aluminum substrates. 

(A.) In one aspect, the invention is a process for forming a cobalt conversion coating on a metal substrate, thereby 
imparting corrosion resistance and paint adhesion properties. The invention was developed as a replacement for 
the prior art chromic acid process. The process includes the steps of: 

(a) providing an oxide film forming cobalt conversion solution comprising an aqueous reaction solution com- 
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prising a soluble cobalHll hexammine complex and acetic acid, where said cobalt-Ill hexammine complex is 
present in the form of [Co(NH 3 ) 6 ]X 3 , where X is one or more selected from the group consisting of CI, Br, N0 3 , 
CN, SCN, 1/3P0 4 , 1/2S0 4 , C 2 H 3 0 2 , and 1/2C0 3 , and where said cobalt-Ill hexammine complex is made by 
reacting 

(1) acobalMI salt, 

(2) a metal nitrate salt, and 

(3) ammonium acetate, in the presence of an oxidiser which oxidises the cobalt II ions to cobalt III ions, 
such that the concentration of said cobalt-Ill hexammine complex is from about 0.01 mole per liter of 
solution up to the saturation limit of said cobalt-Ill hexammine complex; and 

(b) contacting said substrate with said solution for a sufficient amount of time to oxidize the surface of said 
substrate, whereby said oxide film cobalt conversion coating is formed, thereby imparting corrosion resistance 
and paint adhesion properties to said substrate. 

The substrate may be aluminum or aluminum alloy, as well as Cd plated, Zn plated, Zn-Ni plated, and 
steel. The cobalt-Ill hexavalent complex is present in the form of [Co(NH 3 ) 6 ]X 3 wherein X is CI, Br NO*' CN 
SCN : V 3 P0 4 , % S0 4 , C 2 H 3 0 2 , or K C0 3 . ' ' 

(B.) In another aspect, the invention is : 

An aqueous chemical bath for producing an oxide film cobalt conversion coating on a metal substrate, said 
chemical bath consisting essentially of a bath prepared by reacting: 



(a) in the presence of an oxidizer, which oxidises Co II ions to Co Hi ions 

(b) a cobalt-! I salt; 

25 (c) a metal nitrate salt, and 

(d) ammonium acetate; 

(e) wherein said cobalt-ll salt is CoX 2 wherein X is one or more selected from the group consisting of CI Br, 
N0 3 , CN, SCN, 1/3P0 4 , 1/2S0 4 , C 2 H 3 0 2> or 1/2C0 3 . 



The cobalt conversion solution may be prepared by a bath makeup sequence including the steps of: (a) dissolving 
a cobalt-ll salt; (b) then dissolving a metal nitrate salt such as Mg(N0 3 ) 2 -6H 2 0, Ca(N0 3 ) 2 -6H 2 0, NaNO a , KN0 3 , 
or LiN0 3 ; and (c) then adding ammonium acetate salt. ~' " ' ' 

BRIEF DESCRIPTION OF THE DRAWINGS 

The figures herein are photomicrographs of images produced by a scanning electron microscope of coatings on 
aluminum alloy test panels. FIGS. 1-8 are photomicrographs (scanning electron microscope operated at 30 KV) of 
alloy 2024-T3 test panels with cobalt conversion coatings made by the invention. FIGS. 1 and 2 show a cobalt con- 
version coating 310 formed by a 25 minute immersion in a typical cobalt coating solution at 60°C (140°F). FIGS. 3 and 
4 show a cobalt conversion coating 320 formed by a 15 minute immersion in a typical cobalt coating solution at 60°C 
(140°F) FIGS. 5-8 show a cobalt conversion coating 330 formed by a 20 minute immersion in a typical cobalt coating 
solution at 60°C (140°F). There does not appear to be any significant difference between coating 310, coating 320 
and coating 330. 

FIG. 1 is a photomicrograph at X10,000 magnification of a test panel showing a cobalt conversion coating 310 of 
the invention. The photomicrograph is a top view, from an elevated angle, of the upper surface of oxide coating 310. 
The top of oxide coating 310 is porous and looks like a layer of chow mein noodles. This test panel was immersed In 
the cobalt conversion coating solution for 25 minutes. The white bar is a length of 1 micron. The roundish objects 
indicated by reference numeral 31 2 are unidentified impurities on the surface of the oxide coating. 

FIG. 2 is a photomicrograph at X50.000 magnification of the test panel of FIG. 1. The photomicrograph is a top 
view, from an elevated angle, of the upper surface of oxide coating 310. FIG. 2 is a close-up, at higher magnification, 
of a small area of the test panel. The white bar is a length of 1 micron. 

FIG. 3 is a photomicrograph at X1 0,000 magnification of another test panel showing a side view, from an elevated 
angle, of a fractured cross section of a cobalt conversion coating 320 of the invention. The fractured cross section of 
the aluminum substrate of the test panel is indicated by reference numeral 322. This test panel was immersed in the 
coating bath for 15 minutes. To make the photomicrograph, the test panel was bent and broken off to expose a cross 
section of oxide coating 320. The white bar is a length of 1 micron. 

FIG. 4 is a photomicrograph at X50.000 magnification of the test panel of FIG. 3 showing a side view, from an 
elevated angle, of a fractured cross section of cobalt conversion coating 320 of the invention. FIG. 4 is a close-up, at 
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higher magnification, of a small area of the test panel. The aluminum substrate of the test panel is indicated by reference 
numeral 322. The white bar is a length of 1 micron. 

FIG. 5 is a photomicrograph at X1 0,000 magnification of another test panel showing another cobalt conversion 
coating 330 of the invention. The photomicrograph is a top view, from an elevated angle, of the upper surface of oxide 
5 coating 330. The top of oxide coating 330 is porous and looks like a layer of chow mein noodles. This test panel was 
immersed in the cobalt conversion coating solution for 20 minutes. The white bar is a length of 1 micron. The roundish 
objects 332 are unidentified impurities on the surface of oxide coating 330. 

FIG. 6 is a photomicrograph at X50,000 magnification of the test panel of FIG. 5. The photomicrograph is a top 
view, from an elevated angle, of the upper surface of oxide coating 330. FIG. 6 is a close-up, at higher magnification, 
10 of a small area of the test panel. The white bar is a length of 1 micron. 

FIG. 7 is a photomicrograph at X1 0,000 magnification of another test panel showing a side view, from an elevated 
angle, of a fractured cross section of cobalt conversion coating 330 of the invention. The aluminum substrate of the 
test panel is indicated by reference numeral 332. This test panel was immersed in the coating bath for 20 minutes. To 
make the photomicrograph, the test panel was bent and broken off to expose a cross section of oxide coating 330. 
15 The white bar is a length of t micron. 

FIG. 8 is a photomicrograph at X50.000 magnification of the test panel of FIG. 7 showing a side view, from an 
elevated angle, of a fractured cross section of cobalt conversion coating 330 of the invention. FIG. 8 is a close-up, at 
higher magnification, of a small area of the test panel. The aluminum substrate of the test panel is indicated by reference 
numeral 332. The white bar is a length of 1 micron. 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

I have invented two classes of cobalt conversion coatings. The first class is a cobalt conversion coating consisting 
of an oxide structure in unsealed condition and suitable for use in service where paint adhesion is especially important. 

25 The second class is a cobalt conversion coating consisting of an oxide structure in sealed condition and suitable for 
use in service where bare metal corrosion resistance performance is desired. 

A considerable amount of empirical research was conducted in order to arrive at the present invention. A variety 
of multivalent compounds was investigated, used either by themselves or in combination with alkalies, acids, or fluo- 
rides. Among these compounds were vanadates, molybdates, cerates, ferrates and a variety of borates. While film 

30 deposition of compounds containing these elements on aluminum alloy substrates has been achieved, none afforded 
any appreciable corrosion protection nor paint adhesion. 

A significant increase in corrosion protection was observed, however, when aluminum substrates were immersed 
in aqueous solutions of simple cobaft-ll (Co 2 *) salts heated to 82°C (180°F). This led to an investigation of a number 
of cobalt-ll and cobalt-Ill (Co^) reactions, in particular as described in EP-A-458 ; 020 filed May 17, 1990. 

35 in that invention, a stream of air is drawn for several hours through an aqueous solution containing a cobalt-ll salt, 

such as CoXj, (where X = CI, Br, N0 3 , CN, SCN, V 3 P0 4 , X S0 4 , C 2 H 3 0 2l C0 3 ), and the corresponding ammonium 
salt NH 4 X, in the presence of ammonium hydroxide (ammonia) to form a cobalt-Ill hexammine coordination complex. 
For example, 



(1) 4 CoX 2 + 4 NH 4 X + 20 NH 3 




4 [Co(NH 3 ) 6 ]X 3 + water 

The above general reaction (1) was described extensively in EP-A-458,020. The use of ammonium hydroxide 
(ammonia) was employed to generate the 3-valent ammine complex. Since that filing date, further research into cobalt- 
Ill hexammine complexes has produced a significant processing advantage if ammonium hydroxide is replaced with 
ammonium acetate, CH 3 COONH 4 , i.e., 
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(2) 4 CoX 2 + 4 NH 4 X + 20 CH3COONH4 



02 



4 [Co(NH 3 ) 6 ]x 3 + 20 CM3COOH + water 

where X = CI, Br, NO a , CN, SCN, V 3 P0 4 , ^ S0 4 . C 2 H 3 0 2 , % CO a . 

This acetate buffered system does nol require frequent pH adjustment as is necessary with the NH 4 OH addition 
in the ammonium hydroxide system due to high evaporation rates of ammonia. Furthermore, acetate huffered cobalt 
ammme complex solutions operate at optimum in the range of pH 6.0 to pH 7.0. Resultant oxide coatings have still 
further improvements in paint adhesion as well as corrosion resistance over the ammonium hydroxide system Oxide 
coating weights can easily be produced from 215 to 2582 mg/m2 (20 up to 240 mgflt). The complete absence of 
ammonia smell is a further distinct advantage from the standpoint of production adaptability. It is noted that all of the 
X-reactants listed under equation (2) were tested successfully, producing workable conversion coatings on aluminum 
substrates. However, nitrates gave best results with regard to coating performance and appearance From an envi- 
ronmental standpoint, the cyanide and thiocyanate salts are not preferred. 

An important aspect of cobalt chemical reactions is the fact that cobalt-ll complexes have a stronq tendency to 
oxidize to cobalt-Ill complexes, i.e., y 



<3) [Co(NH 3 ) 6 ]2+ — -v. [ C o(NH 3 ) 6 ]3+ + e - 

It was discovered that when aluminum alloy substrates (such as alloy 2024-T3) are immersed in the above aqueous 
solution of reaction (2) containing the cobalt-Ill complex, bright iridescent coatings are formed on the aluminum alloy, 
which give excellent corrosion resistance properties. These coatings are comparable in color intensity to the conven- 
tional chromic acid conversion coatings. 

The above cobalt complexes are not new. Typical use of cobalt-Ill complexes is made in the photo development 
industry as oxidizers to enhance the clarity of color photography. For example, Bissonette U.S. Patent 4 088 486 teach- 
es this photographic use of cobalt-Ill ammine complexes. 

However, it is surprising that these reaction solutions containing cobalt-Ill hexammine complexes are capable of 
forming ox.de structures on aluminum substrates. The exact reaction mechanism of the oxide formation is not com- 
pleteV understood at this time; while not desiring to be bound by a particular theory, the oxide formation is believed to 
function on the chemical equilibrium (3) shown above. The oxidizing ability of the cobalt-Ill hexammine complex is 
believed to be responsible for the formation of the observed oxide films (which I refer to as -cobalt conversion coatings") 
on aluminum substrates. The formation of oxide structures has been confirmed by instrumental analysis (Auger analysis 
and electron microscopy) of the coating. The photomicrographs in FIGS. 1-8 illustrate the appearance of the cobalt 
conversion coating of the invention. 

A further improvement with regard to color consistency of the oxide coating was made when the associated am- 
NaNo" 1 KNO^^r^'NO >C ' lla '' C>n ^ Wfth m9,al niUa,e SattS SUCh as M 9(N03) 2 -6H 2 0, Ca(N0 3 ) 2 .6H 2 0, 



(4) 4 CoX 2 + 2 Mg(N0 3 ) 2 .6H 2 O + 24 CH 3 COONH 4 2 „ 

4 [Co(NH 3 ) 6 ]X 2 N0 3 + 2 <CH 3 COO> 2 Mg + 20 CH 3 COOH + water 



where X = CI, Br, N0 3 , CN, SCN, % P0 4 , K S0 4 , C 2 H 3 0 2 , £ C0 3 . 

The preferred reaction, however, was found to involve cobalt nitrate as shown below 
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(5) 4 Co(N0 3 ) 2 -6H 2 0 + 2 Mg (N0 3 ) 2 • 6H 2 0 + 24 CH3COONH4 ° 2 v 

4 [Co(NH 3 ) 6 ](N0 3 )3 + 2 (CH 3 COO) 2 Mg + 20 CH 3 COOH + water 

It became apparent during experimentation with this initial formulation that a number of parameters are important 
from the standpoint of optimum bath chemistry and uniform formation of oxide coating films. These parameters are: 
10 chemical reactant selection; chemical reactant concentrations; bath makeup sequence; pH control; temperature; and 
immersion time. 

Chemical Reactant Selection 

'5 Regarding reactant selection, a wide variety of cobalt salts are operable for cobalt complexing. Among the cobalt- 

II salts which are operable in water solution are: cobalt nitrate, Co(N0 3 ) 2 .6H 2 0; cobalt chloride, CoCI 2 -6H 2 0; cobaltous 
sulfate, CoS0 4 ; cobaltous acetate, Co(CH 3 COO) 2 .4H 2 0; and cobaltous basic carbonate, 2CoC0 3 .Co(OH) 2 .H 2 0. Each 
of the foregoing cobalt-ll salts may be reacted with ammonium acetate and a metal nitrate salt such as Mg(N0 3 W6hLO 
Ca(N0 3 ) 2 .6H 2 0, NaN0 3 , KNO3, or LiN0 3 . 

It may also be noted that for aluminum and aluminum alloys the preferred reactants are Co(N0 3 ) 2 -6H 2 0, Mg 
(N0 3 ) 2 -6H 2 0, and CH 3 COONH 4 , since cobalt ammine complexes formed with the nitrate salts yield optimum coating 
performance results. 

Furthermore, other cobalt-ll salts may be used if they possess a minimum solubility in water. The minimum solubility 
needed is about 0.01 moles of cobalt-ll salt per liter of water at 20*0 (68°F). 

A chemical additive is an oxidizer, preferably hydrogen peroxide, H 2 0 2 . The function of the oxidizer is to oxidize 
the cobalt-ll ions in solution to cobalt-Ill ions. The stream of air flowing into the tank functions as an oxidizer so the 
presence of hydrogen peroxide is not essential for operability. The hydrogen peroxide increases the rate of oxidation 
of the cobalt-ll ions in solution to cobalt-Ill ions and therefore is useful for commercial practice of the invention in that 
the solution becomes operational in a shorter period of time. 
30 Thus the preferred chemical reactants and additives are: 
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Cobalt nitrate 


Co(N0 3 ) 2 -6H 2 0 


Ammonium acetate 


CH 3 COONH 4 same as NH 4 C 2 H 3 0 2 


Magnesium nitrate 


Mg(N<0 3 ) 2 -6H 2 O 


Hydrogen peroxide (oxidizer) 


H 2 0 2 ^ 



Chemical Concentration, pH Control, Temperature. And Immersion Time 

40 With respect to chemical concentrations, the concentration of dissolved cobalt-ll salt used may be from about 0.01 

mole per liter of final solution up to the saturation limit of the cobalt-ll salt employed. Preferably, the concentration of 
dissolved cobalt-ll salt used may be from about 0.04 mole per liter of final solution up to 0.15 mole per liter of final 
solution. The concentration of the cobalt-Ill hexammine coordination complex may be from about 0.01 mole per liter 
of final solution up to the saturation limit of the cobalt-Ill hexammine coordination complex employed. Preferably, the 

45 concentration of the cobalt-Ill hexammine coordination complex may be from about 0.04 mole per liter of final solution 
up to 0. 15 mole per liter of final solution. 

The concentration of dissolved metal nitrate salt may be from about 0.03 to 2.5 moles per liter of final solution. 
Preferably, the concentration of dissolved metal nitrate salt used may be from about 0.05 mole per liter of final solution 
up to 0.2 mole per liter of final solution. 

& The concentration of ammonium acetate may be from about 0.06 to 6.0 moles per liter of final solution. Preferably, 

the concentration of dissolved ammonium acetate used may be from about 0.15 mole per liter of final solution up to 
0.7 mole per liter of final solution; a stoichiometric excess of ammonium acetate is not detrimental. The concentration 
of the resulting acetic acid may be from about 0.05 to 5.0 moles per liter of final solution. Preferably, the concentration 
of the resulting acetic acid may be from about 0. 1 25 mole per liter of final solution up to 0.6 mole per liter of final solution. 

55 The pH of the bath may be from about 5.0 to 9.0 with 6.0 to 7.0 being preferred and 6.5 being most preferred. The 

temperature of the bath may be from about 20 to 71°C (68°F to 160°F); above 71°C (160°F) gradual decomposition 
of the cobalt-Ill hexammine complex occurs. The optimum temperature is 60 ± 3°C (140 ± 5°F). The immersion time 
may be from about 3 minutes to 60 minutes with the optimum immersion time at 20 ± 5 minutes. 
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Preferred Bath Preparation Sequence 

1. A stainless steel tank fitted with air agitation plumbing and heating coils is filled to 3/4 with deionized water at 
a temperature of 20 to 32°C (68°F to 90°F). Air agitation is commenced to a gentle bubble. (The tank may be 
equipped with a filter unit to remove any solid impurities (dust, aluminum silt, etc.) during processing.) 

2. A quantity of cobalHI salt (Co(N0 3 ) 2 .6H 2 0 is preferred) is added and completely dissolved. Stainless steel 
baskets may be used to hold the cobalt salt granules suspended in the water while dissolving. The most preferred 
molar ratio of cobalt salt to ammonium acetate is about 1 to 6 (see equation (4) above for stoichiometric balance) 
The most preferred concentration of cobalt salt is about 0.077 mole per liter of final solution. The amount used is 
based on the mole ratio of cobalt salt to ammonium acetate salt which will produce an oxide coating exhibiting 
high paint adhesion properties. " a 

3. A quantity of metal nitrate salt (Mg(N0 3 ) 2 .6H 2 0 is preferred) is now added. The concentration of this additive 
may be from no addition up to 2.5 moles per liter of final solution, however the most preferred quantity is about 
0. 10 mole per liter of final solution for maximum color iridescence of the conversion coatings. 

4. The ammonium acetate is now added and dissolved. When the most preferred concentration of cobalt salt of 
about 0.077 mole per liter of final solution is employed, then the most preferred concentration of ammonium acetate 
is about 35.6 gm (0.46 mole) per liter of final solution. This concentration of the ammonium acetate salt achieves 
the most preferred molar ratio of cobalt salt to ammonium acetate of about 1 to 6. Moderate air agitation is main- 
tained. 

5. The tank is filled to the final volume with deionized water Air agitation of this solution is maintained for 2-3 hours 
at room temperature. Then a quantity of hydrogen peroxide, H 2 0 2 (30 volume % preferred), is added. The preferred 
amount is about 0.03 to 0.1 moles of H 2 0 2 (about 3 to 10 ml of H 2 0 2 (30 volume %)) per liter of final solution. 

6. The solution is maintained at preferably 20-32°C (68-90°F) for at least an additional 2 hrs. to allow the cobalt 
complexing reaction (e.g., equation (4) above) to make a minimum operable amount of the cobalt-Ill complex, 
which js indicated by a burgundy to brownish/red color in the solution. Preferably, the solution is maintained at 
20-32°C (68-90°F) for an additional 8 hrs. to make a larger amount of the cobalt-Ill complex to facilitate efficient 
practice of the cobalt conversion coating process. The solution is then heated to 60±3°C (140 ± 5°F) which is the 
most preferred operating temperature. Use moderate air agitation of the solution during the cobalt conversion 
coating process. 

7. Optionally, a second stainless steel tank (to be used for an oxide seal step) is prepared with air agitation plumbing 
and heating coils and is filled 3/4 with deionized water. This post-cobalt conversion coating step serves as a cor- 
rosion resistance promoter. The tank is left unheated while adding the required chemicals. 

8. A quantity of nickel sulfate, NiS0 4 -6H 2 0, and a quantity of magnesium nitrate, Mg(N0 3 ) 2 .6H 2 0, are added to 
the seal tank and dissolved. The preferred amount of nickel sulfate is about 20 gm (0.076 mole) per liter of final 
solution. The preferred amount of magnesium nitrate is about 20 gm (0.078 mole) per liter of final solution Stir as 
necessary to dissolve. 

9. The seal tank is then filled to final volume with deionized water and heated to 93t3°C (200 ± 5°F) No further 
air agitation is needed. 

Preferred Overall Processing Sequences 

The preferred overall processing sequences may be summarized as follows: 
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PROCESS SE QUENCE FL OW CHART 
FOR MAXIMUM PAINT ADHESION 



(1) PRECLEAN IF REQUIRED 
(2) MASK AND RACK AS REQUIRED 
(3) ALKALINE CLEAN AND RINSE 
(4) DEOXIDIZE AND RINSE 
(5) FORM OXIDE COATING: 15-20 MINUTES AT 60 ± 3°C (14 0 + 5°f) 
(6) IMMERSION RINSE: 20-60°C (6B-140°F) 
(7) DRY - 60 °C (l4 0°F) MAXIMUM 



PROCESS SEQ UEN CE FL OW CHART 
FQiLi^XIMUM_^ RE SISTANCE 



(1) PRECLEAN IF REQUIRED 
(2) MASK AND RACK AS REQUIRED 
(3) ALKALINE CLEAN AND RINSE 
(4) DEOXIDIZE AND RINSE 
(5) FORM OXIDE COATING: 15-20 MINUTES AT 60 ± 3°C (140 ± 5°F) 
(6) IMMERSION RINSE: 20-60°C (68-140°F) 
(7) SEAL AS REQUIRED 
(8) RINSE - ROOM TEMPERATURE , 3 MINUTES MINIMUM 
(9) DRY - 60°C (14 0°F) MAXIMUM 



General Notes With Respect To The Above Process Flow Charts 

The cobalt conversion coating should be applied after all trimming and fabrication have been completed. Parts, 
where solution entrapment is possible, should not be subjected to immersion alkaline cleaning or immersion deoxidiz- 
ing; manual cleaning and manual deoxidizing procedures should be used to obtain water break-free surfaces before 
applying cobalt conversion treatment. A water break-free surface is a surface which maintains a continuous water film 
for a period of at least 30 seconds after having been sprayed or immersion rinsed in clean water at a temperature 
below 38°C(100°F). 

Thorough rinsing and draining throughout processing is necessary as each solution should be completely removed 
to avoid interference with the performance of the next solution in the sequence. Parts should be processed from one 
step to the next without delay and without allowing the parts to dry. When it is necessary to handle wet parts, wear 
clean latex rubber gloves. After conversion coating, handle dry parts only with clean fabric gloves. For processing 
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systems which require part clamping, the number and size of contact points should be kept to a minimum as necessary 
for adequate mechanical support. 

Prec leaning. 

Vapor degrease may be performed in accordance with Boeing Process Specification BAC 5408, emulsion clean 
m accordance with Boeing Process Specification BAC 5763, or solvent clean in accordance with Boeing Process 
Specification BAC 5750 if parts are greasy or oily. Parts with open faying surfaces or spot-welded joints where solution 
entrapment is possible should be immersed in cold water (or in hot and cold water) for 2 minutes after precleaning. 

Masking And Racking 

Areas which do not require cobalt conversion coatings should be masked with maskants. Dissimilar metal inserts 
(except chromium, nickel or cobalt alloy or plating, CRES, or titanium) and non-aluminum coated plasma flame sprayed 
area should be masked off. 7 

Alkaline Cleaning 

Alkaline clean and rinse may be performed in accordance with Boeing Process Specification BAC 5749 except 
for parts with open faying surfaces or spot welded joints, in which case, rinsing should be for at least 10 minutes using 
agitation with multiple immersions (a minimum of four times) followed by manual spray rinsing as required to prevent 
solution entrapment. 

Deoxidizing 

Deoxidize and rinse may be performed in accordance with Boeing Process Specification BAC 5765 except for 
parts where solution entrapment is possible, which parts may be rinsed using the method described above under 
Alkaline Cleaning". Castings may be deoxidized by either of the following methods: 

a. Deoxidize in accordance with Boeing Process Specification BAC 5765, Solution 37 : 38 or 39. 

b. Dry abrasive blast castings in accordance with Boeing Process Specification BAC 5748, Type II, Class 1 and 
rinse. 



A specific solution formulation within the scope of the invention is as follows: 



Component 


Make-Up Per Liter Of Final Solution 


Control Limits 


Cobalt(ous) nitrate, Co(NO 3 ) 2 .6H 2 0 (hexahydrate) 


22.5 gm (about 0.077 mole) 


20-25 g/L 


Magnesium nitrate, Mg(N0 3 ) 2 .6H 2 0 


26.4 gm (about 0.10 mole) 


24-28 g/L 


Ammonium acetate, NH 4 C 2 H 3 0 2 


35.6 gm (about 0.46 mole) 


33-38 g/L 


Hydrogen peroxide, H 2 0 2 (30 vol. %) 


5 ml (about 0.05 mole) 




Water 


balance 




Temperature 




60±3°C(140±5°F) 


PH 




6.0 - 7.0 



It should be noted that in the above formulation hydrogen peroxide, H 2 0 2 , is employed to convert the 2-valent 
cobalt salt into the 3-valent cobalt hexammine complex. While air bubbling (aeration) of the solution alone will be 
sufficient to convert the cobaft-ll salt to cobalt-Ill complex, the procedure will be time consuming and complete con- 
version may take days to be obtained. 

As mentioned above, in order to produce cobalt conversion coatings with maximum corrosion resistance perform- 
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ance (168 hrs. sad spray corrosion resistance, when tested in accordance with ASTM B117), it is necessary to subject 
the cobalt conversion coating to a sealing step. For this purpose, a number of sealing solutions were found to be useful 
These are described in copending application Serial No. 07/621,132 filed November 30 1990 (EP-A-488 430) Since 
then a further improvement with regard to solution stability as well as bath simplification has been achieved as shown 
Deiow. 



Component 


Make-Up Per Liter Of Final Solution 


Control Limits 


Nickel sulfate, NiS0 4 .6H 2 0 (hexahydrate) 
Magnesium nitrate, Mg(N0 3 ) 2 -6H 2 0 
Water 
pH 

Operating temperature 


20 gm (about 0.076 mole) 
20 gm (about 0.078 mole) 
balance 


18-22 g/L 
18-22 g/L 

5.0 - 6.5 

93±3°C (200 + 5° F) 



pH Control, Temperature, And Immersion Time 

The three parameters ot pH control, temperature, and immersion time have been found to be important as relatinq 
to cobalt conversion coating performance. 

Preferred pH control is maintained between pH 6.0 to 7.0, although coatings have been produced between pH 5 0 
and 9.0. The preferred pH range is maintained by periodic small additions of NH 4 C 2 H 3 0 2 . Coatings tend to lose their 
colored iridescence to approach nearly-colorless appearance below pH 5.0. At a pH of 6.5. coatings have good cor- 
rosion resistance performance as well as acceptable paint adhesion performance 

A continuous operating temperature of 60 ± 3°C (140 ± 5'F) gives optimum results with respect to coating appear- 
ance and performance. K 

J m Tf iontimestend,obe ^ 

(120 - 1 30 F), .mmersion times in excess of 30 minutes are required for satisfactory conversion coating formation At 
temperatures of 54-60°C (130 to 140°F), consistent and well functioning conversion coatings are produced within 15 
to 20 minutes. Increased pH (above 7.0) will also reduce immersion time to 5-10 minutes, however optimum coatings 
are formed in the pH 6.5 region. 3 

Oxide Coating Analyses 

ESCA surface analysis, using a Perkin-Elmer Model 550 surface analyzer, and Auger oxide profiles using the 
same machine (in a different operating mode), have been performed in order to characterize the cobalt conversion 
coatings of the invention. (ESCA = electron spectroscopy for chemical analysis (also known as XPS or X-ray photo- 
electron spectroscopy).) These analyses show that the cobalt conversion coating consists of a mixture of oxides name- 
ly, aluminum oxide Al 2 0 3 as the largest volume percent, and cobalt oxides CoO, C03O4, and CojO, The term "lamest 
volume percent- means that the volume of this oxide exceeds the volume of any other oxide which is present, but the 
term largest volume percent" does not necessarily imply that the volume of this oxide is more than 50 volume percenl 

The data further shows that in the lower portion of the oxide coating (that is. next to the aluminum substrate) the 
largest volume percent is AljOg. The middle portion of the oxide coating is a mixture of CoO, Co,0 4 Co^O, and AUO, 
Andthe data shows that in the top portion of the oxide coaling, the largest volume percent is a mixture of (Demand 

Additional characterization of the cobalt conversion coatings of the invention may be found in FIGS 1 -8 and in the 
descriptions of FIGS. 1 -8 above. FIGS. 1 and 2 show a cobalt conversion coating 31 0 formed by a 25 minute immersion 
in a typical cobalt conversion coating solution. FIGS. 3 and 4 show a cobalt conversion coating 320 formed by a 15 
minute immersion in a typical cobalt conversion coating solution. FIGS. 5-8 show a cobalt conversion coating 330 
formed by a 20 minute immersion in a typical cobalt conversion coating solution. Comparing FIGS 1 -8 there does not 
appear to be any significant structural difference between coating 310. coating 320, and coating 330. The top surface 
of the cobalt conversion coating, as shown in FIGS. 1. 2, 5, and 6, bears a resemblance to chow mein noodles, thus 
providing apprec.able surface area and porosity for good paint adhesion. Below the top surface, the coating becomes 
more dense and solid (non-porous). 
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Other Methods Of Application 

The above formulation illustrates producing cobalt conversion coatings by immersion application The same prin- 
ciples apply to producing the conversion coating by manual application and by spray application 

The patents, specifications, and other publications referenced above are incorporated herein by reference 



Claims 

10 



15 



1. A process for forming an oxide film cobalt conversion coating exhibiting corrosion resistance and paint adhesion 
properties on a metal substrate, said process comprising the steps of: 

(a) providing an oxide film forming cobalt conversion solution comprising an aqueous reaction solution com- 
prising a soluble cobalt-Hi hexammine complex and acetic acid, where said cobalt-Ill hexammine complex is 
present in the form of [Co(NH 3 ) 6 ]X 3 , where X is one or more selected from the group consisting of CI Br NO, 
CN. SCN, 1/3P0 4 , 1/2S0 4 , C 2 H 3 0 2 , and 1/2C0 3 , and where said cobalt-Ill hexammine complex is made by 
reacting r 7 

(1) acobalt-ll salt, 

(2) a metal nitrate salt, and 

(3) ammonium acetate, in the presence of an oxidiser which oxidises the cobalt II ions to cobalt III ions, 

such that the concentration of said cobalt-Ill hexammine complex is from about 0.01 mole per liter of solution 
up to the saturation limit of said cobalt-Ill hexammine complex; and 

(b) contacting said substrate with said solution for a sufficient amount of time to oxidize the surface of said 
substrate, whereby said oxide film cobalt conversion coating is formed, thereby Imparting corrosion resistance 
and paint adhesion properties to said substrate. 

2. A process according to claim 1 , for forming an oxide film cobalt conversion coating exhibiting corrosion resistance 
and paint adhesion properties on a substrate according to claim 1 , where said substrate is aluminum or aluminum 
alloy, said process comprising the steps of: 

(a) providing an oxide film forming cobalt conversion solution comprising an aqueous reaction solution pre- 
pared by reacting a cobalt-ll salt, a metal nitrate salt, and ammonium acetate in the presence of an oxidizer, 
where the concentration of said cobalt-l I salt is from about 0.01 mole per liter of final solution up to the saturation 
limit of said cobalt-ll salt, the concentration of said metal nitrate salt is from about 0.03 to 2 5 moles per liter 
of final solution, and the concentration of ammonium acetate is from about 0.06 to 6.0 moles per liter of final 
solution; and 

(b) contacting said substrate with said solution for a sufficient amount of time to oxidize the surface of said 
substrate, whereby said oxide film cobalt conversion coating is formed, thereby imparting corrosion resistance 
and paint adhesion properties to said substrate. 

3. The process of claims 1 or 2, wherein the concentration of said cobalt-Ill hexammine complex is from 0 04 mole 
per liter of solution up to 0. 1 5 mole per liter of solution. 

4. The process of claims 1 -3, wherein said cobalt conversion solution has a pH of 5.0 to 9.0. 

5. The process of claims 1 -4, wherein said cobalt conversion solution has a temperature of 20-72°C (68-160°F). 

*> 6. The process of claims 1-5, wherein said substrate is contacted with said cobalt conversion solution for a time of 
about 3 minutes to 60 minutes. 

7. The process of claims 1 -6, wherein the concentration of said cobalt-ll salt is from 0.04 mole per liter of final solution 
up to 0.15 mole per liter of final solution, the concentration of said metal nitrate salt is from 0.03 to 0 2 mole per 
liter of final solution, and the concentration of ammonium acetate is from 0. 1 5 to 0.7 mole per liter of final solution. 

The process of claim 7, wherein said cobalt-ll salt is a Cobalt-ll salt which has a minimum solubility of 0 01 moles 
of cobalt-ll salt per liter of water at 20°C(68°F). 
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11. The process of claims 7-10, wherein said cobatt conversion solution is prepared by a balh makeup sequence 
comprising: ^ 

(a) dissolving said cobalMI salt; 

(b) then dissolving said metal nitrate salt; and 

(c) then adding ammonium acetate. 

12. The process of claims 7-11, wherein an oxidizer is added to said cobalt conversion solution to oxidize the cobalt- 
II ions in solution to cobalt-Ill ions. 

13. The process of claim 12, wherein said oxidizer is hydrogen peroxide, H 2 0 2 . 

14. The process of claims 1-13, comprising the additional step of contacting said coated substrate with an aqueous 
sealing solut.on comprising nickel sulfate, NiS0 4 .6H 2 0, and magnesium nitrate, Mg (N0 3 ) 2 .6H 2 0. 

15. The process of claims 1,3-14, wherein said metal substrate is aluminum or aluminum alloy. 

16. An aqueous chemical bath for producing an oxide film cobalt conversion coating on a metal substrate, said chemical 
bath consisting essentially of an aqueous bath prepared by reacting: 

(a) in the presence of an oxidizer which oxidises the cobalt II ions to cobalt ill ions' 

(b) a cobalt-H salt; 

(c) a metal nitrate salt, and 

(d) ammonium acetate; 

(e) wherein said cobalt-ll salt is Cox 2 wherein X is one or more selected from the group consistinq of CI Br 
N0 3 , CN, SCN, 1/3P0 4 , 1/2S0 4 , C 2 H 3 0 2 , or 1/2CO a . ' ' 

17. The bath of claim 16, wherein said cobalt-ll salt is a cobalt-ll salt which has a minimum solubility of 0 01 mole of 
cobalMI salt per liter of water at 20°C (68°F). 

18. The bath of claims 1 6-T 7, wherein said metal nitrate salt is selected from the group consisting of Mg(N0 3 ) 2 .6H 2 0, 
Ca(N0 3 ) 2 .6H 2 0, NaN0 3 , KN0 3 , or LiN0 3 . 2 2 

19. The bath of claims 16-18, wherein said cobalt conversion solution is prepared by a bath makeup sequence com- 
prising: 

(a) dissolving said cobalt-ll salt; 

(b) then dissolving said metal nitrate salt; and 

(c) the adding ammonium acetate. 

20. The bath of claims 16-19, wherein said solution has a pH of 5.0 to 9.0. 

21. The bath of claims 16-20, wherein said solution has a temperature of 20-72°C (68-160°F). 

22. The bath of claims 16-21 , wherein an oxidizer is added to said solution to oxidize the cobalt-ll ions to cobalt-Ill ions. 

23. The bath of claim 22, wherein said oxidizer is hydrogen peroxide, H^. 

24. The use of a chemical bath of claims 1 6-23, for producing a cobalt conversion coating on a aluminum or aluminum 
alloy substrate. 
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Patentanspruch 



1 ' ^tl! en Bildun 9 ei 2 eS Oxidfilm - cob a«^wandlungs0berzu 9 s mil Korrosionsbestandigkeit und Anstrichmit- 
tel-Adhasionse.genschaften auf einem Melallsubstrat. wobei das Vertahren folgende Stufen umfaBt: 

(a) Bereitstellung einer einen Oxidfilm bildenden Cobaltumwandlungslosung, umfassend eine waBriqe Reak- 
tionslosung die einen loslichen Cobalt-lll-Hexamminkomplex und Essigsaure enthalt, wobei der Cobalt-lll- 
Hexamminkomplex in Form von [Co(NH 3 ) 6 ]X 3 vorhanden ist, wobei X ein oder mehrere Bedeutungen aus der 

(1) eines Cobalt-ll-Salzes, 

(2) eines Metallnitratsalzes und 

(3) von Ammoniumacetat in Gegenwart eines Oxidationsmittels, das die Cobalt-IMonen in Cobalt-lll-lonen 
oxidiert, 

in der Weise hergestelft worden ist, daB die Konzentration des Cobalt-lll-Hexamminkomplexes etwa 0 01 Mol 
pro Liter Losung bis zu der Sattigungsgrenze des Cobalt-lll-Hexamminkomplexes betragt; und 

(b) KontaMierung des Substrats mit der genannten Losung uber eine genugende Zeitspanne. daB die Ober- 
flache des Substrats oxidiert wird, wobei der genannte Oxidfilm-Cobaltumwandlungsuberzug gebildet wird 
wodurch dem Substrat eine Korrosionsbestandigkeit und Anstrichmittel-Adhasionseigenschaften verliehen 



2. 



und Anstnchmrttel-Adhasionseigenschaften aut einem Substrat nach Anspruch 1, wobei das Substrat Aluminium 
Oder eine Alummiumlegierung ist, wobei das Vertahren folgende Stufen umfaBt: 

(a) Bereitstellung einer einen Oxidfilm bildenden Cobaltumwandlungslosung, umfassend eine waBrige Reak- 
t-onslosung, d.edurch Umsetzung eines Cobalt-ll-Salzes, eines Metallnitratsalzes und von Ammoniumacetat 
in Gegenwart eines Oxidationsmittels hergestellt worden ist, wobei die Konzentration des Cobaft-ll-Salzes 
etwa 0,01 Mol pro Liter Endlosung bis zu der Sattigungsgrenze des Cobalt-ll-Salzes betragt, wobei die Kon- 
zentration des Metallnitratsalzes etwa 0,03 bis 2,5 Mo. pro Liter End.osung betragt und wobe Tdie Konzentratfon 
des Ammon.umacetats etwa 0,06 bis 6,0 Mol pro Liter Endlosung betragt; und 

(b) Kontaktierung des Substrats mit der genannten Losung Ober eine genugende Zeitspanne, daB die Ober- 
flache des Substrats oxidiert wird. wobei der genannte Oxidfilm-Cobaltumwandlungsuberzug gebildet wird 
wodujch dem Substrat eine Korrosionsbestandigkeit und Anstrichmittel-Adhasionseigenschaften verliehen 

toSZZl I T ^ da ^ urch 9 ekenn2eich ^. ^B die Konzentration des CobaW.I-Hexammin- 
Komplexes 0,04 Mol pro Liter Losung bis zu 0,15 Mol pro Liter Losung betragt. 

S^blsToC AnSpr ° Ch9n 1 - 3 ' d9durch 9 ek «""«fchnet, daB die Cobaltumwandlungslosung einen pH von 
5 ' ^^%T { £S^:^ dadUfCh 9ekenn "' Ch ^ « di ° Ccba«umwandlungsl6sung eine Tempe- 

6 ' ZTn^~? d *'\ Ans P r0chen 1 " 5 - 9ekennzelchnet. daB das Substrat mit der Cobaltumwandlungs- 

losung uber eine Zeitspanne von etwa 3 Minuten bis 60 Minuten kontaktiert wird. 

7 " Mn^r," 8 ? wr" AnS ^° Cbe " ^ 9^enn2elchnet, daB die Konzentration des Cobaft-ll-Salzes 0,04 

rSf"T? oV-' 5 *** Pf ° LitBr Endl6SUn9 be,r§9, ■ daB die Konzentration des Metallnitratsalzes 
WuZin^tZa * be,ragt ^ de 8,i0n d6S ^--—e tats 0.15 bis 0,7 Mol 

8. Vertahren nach Anspruch 7, dadurch gekennzelchnet. daB das Cobalt-ll-Salz ein Cobalt-ll-Salz ist, das eine 



3. 



4. 
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minimale Loslichkeit von 0,01 Mol Cobalt-ll-Salz pro Liter Wasser bei 20°C (68°F) hat. 

9. Verfahren nach Anspruch 7 oder 8, dadurch gekennzeichnet, daB das Cobalt-ll-Salz CoX 2 ist, wobei X ein oder 
mehrere Bedeutungen aus der Gruppe, bestehend aus CI, Br, N0 3 , CN, SCN, 1/3P0 4 , 1/2S0 4 , CoHoO. oder 

1/2C0 3 ^ a ^- '^32 

10. Verfahren nach den Anspruchen 7-9, dadurch gekennzeichnet, daB das Metallnitratsalz aus der Gruppe beste- 
hend aus Mg(N0 3 ) 2 .6H 2 0, Ca(N0 3 ) 2 .6H 2 0, NaN0 3 , KN0 3 oder Li-NO^ ausgewahlt ist. 

11. Verfahren nach den Anspruchen 7-10, dadurch gekennzeichnet, daB die Cobaltumwandlungslosung durch eine 
Baderganzungs- bzw. Auflullungssequenz hergestellt worden ist, die folgendes umfaBt: 

(a) Auflosen des Cobalt-ll-Salzes; 

(b) anschlieBendes Auflosen des Metallnitratsalzes; und 

(c) anschlieBendes Zusetzen von Ammoniumacetat. 

12. Verfahren nach den Anspruchen 7-11, dadurch gekennzeichnet, daB ein Oxidationsmittel zu der Cobaltumwand- 
lungslosung zugesetzt wird, urn die Cobalt-ll-lonen in der Losung zu Cobalt-lll-lonen zu oxidieren. 

13. Verfahren nach Anspruch 12, dadurch gekennzeichnet, daB das Oxidationsmittel Hydroperoxid, H 2 0 2 , ist. 

14. Verfahren nach den Anspruchen 1-13, dadurch gekennzeichnet, daB es die zusatzliche Stufe der Kontaktierung 
des beschichteten Substrats mil einer waBrigen Versiegelungslosung umtaBt, die Nickelsulfat, NiSO, 6H,0 und 
Magnesiumnitrat, Mg(N0 3 ) 2 .6H 2 0, enthalt. ' 

15. Verfahren nach den Anspruchen 1, 3-14, dadurch gekennzeichnet, daB das Metallsubstrat Aluminium oder eine 
Aluminiumlegierung ist. 

16. WaBriges, chemisches Bad zur Herstellung eines Oxidfilm-Cobaltumwandlungsuberzugs auf einem Metallsub- 
strat, wobei das chemische Bad im wesentlichen aus einem waBrigen Bad besteht, das dadurch hergestellt worden 
ist, daB 

(a) in Gegenwart eines Qxidationsmittels, das Cobalt-ll-lonen zu Cobalt-lll-lonen oxidiert; 

(b) ein Cobalt-ll-Salz; 

(c) ein Metallnitratsalz; und 

(d) Ammoniumacetat umgesetzt worden sind; wobei 

(e) das Cobalt-ll-Salz CoXg ist, wobei X ein oder mehrere Be deutungen, ausgewahlt aus der Gruppe beste- 
hend aus CI, Br, N0 3 , CN, SCN, 1/3P0 4 , 1/2S0 4 , C 2 H 3 0 2 oder 1/2C0 3 , hat. 

17. Bad nach Anspruch 1 6, dadurch gekennzeichnet, daB das Cobalt-ll-Salz ein Cobalt-ll-Salz ist, das eine minimale 
Loslichkeit von 0,01 Mol Cobalt-ll-Salz pro Liter Wasser bei 20°C (68°F) hat. 

18. Bad nach den Anspruchen 16-17, dadurch gekennzeichnet, daB das Metallnitratsalz aus der Gruppe bestehend 
aus Mg(N0 3 ) 2 .6H 2 0, Ca(N0 3 ) 2 .6H 2 0, NaN0 3 , KN0 3 oder Li-N0 3 , ausgewahlt ist. 

19. Bad nach den Anspruchen 16-18, dadurch gekennzeichnet, daB die Cobaltumwandlungslosung durch eine Ba- 
derganzungs- bzw. Auflullungssequenz hergestellt worden ist, die folgendes umfaBt: 

(a) Auflosen des Cobalt-ll-Salzes; 

(b) anschlieBendes Auflosen des Metallnitratsalzes; und 
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(c) Zugabe von Ammoniumacetat. 

20. Bad nach den Anspruchen 16-19, dadurch gekennzeichnet, daG die Losung einen pH-Wert von 5,0 bis 9,0 hat. 

21. Bad nach den AnsprOchen 16-20, dadurch gekennzeichnet, da(3 die Losung eine Ternperatur von 20-72°C 
(68-1 60°F) hat. K 

22. Bad nach den Anspruchen 16-21, dadurch gekennzeichnet, daB ein Oxidationsmittel zu der Losung gegeben 
worden ist, um die Cobalt-IMonen zu Cobalt-lll-lonen zu oxidieren. 

23. Bad nach Anspruch 2, dadurch gekennzeichnet, daB das Oxidationsmittel Hydroperoxid, H 2 0 2 , ist. 

24. Verwendung eines chemischen Bades nach den AnsprOchen 16-23 zur Herstellung eines Cobaltumwandlungs- 
uberzugs auf einem Aluminium- oder Aluminiumlegierungssubstrat. 

Revendications 

1 . Precede de formation d'un revetement de conversion au cobalt de film d'oxyde presentant des proprietes de re- 
sistance a la corrosion et d'adherence de peinture sur un substrat de metal, ledit procede comprenant les etapes 
consistant : 

(a) a fournlr une solution de conversion au cobalt formant un film d'oxyde comprenant une solution de reaction 
aqueuse comprenant un complexe d'hexamine de cobalt-ill soluble et de I'acide acetique, dans laquelle ledit 
complexe d'hexamine de cobalt-Ill est present dans la forme de [Co(NH 3 ) 6 ]X 3 , ou X est un ou plusieurs ele- 
ments choisis parmi CI, Br, N0 3 , CN, SCN, 1/3P0 4 , 1/2S0 4 , C 2 H 3 0 2 et 1/2C0 3 etdans laquelle ledit complexe 
d'hexamine de cobalt-Ill est fabrique en faisant reagir 

(1) un sel de cobalMI, 

(2) un sel de nitrate de metal, et 

(3) de I'acetate d'ammonium en presence d'un oxydant qui oxyde les ions cobalt-ll en ions cobalt-Ill, 

de telle sorte que la concentration dudit complexe d'hexamine de cobalt-Ill est comprise entre environ 0,01 
mole par litre de solution et la limite de saturation dudit complexe d'hexamine cobalt-Ill; et 

(b) a mettre ledit substrat en contact avec ladite solution pendant une duree suffisante pour oxyder la surface 
dudit substrat, ledit revetement de conversion au cobalt de film d'oxyde etant par la forme, communiquant par 
la audit substrat des proprietes de resistance a la corrosion et d'adherence de peinture. 

2. Procede selon la revendication 1 de formation d'un revetement de conversion au cobalt de film d'oxyde presentant 
des proprietes de resistance a la corrosion et d'adherence de peinture sur un substrat selon la revendication 1 
dans lequel ledit substrat est de I'aluminium ou un alliage d'aluminium, ledit procede comprenant les eta D es 
consistant : r 

(a) a fourntr une solution de conversion au cobalt formant un film d'oxyde comprenant une solution de reaction 
aqueuse preparee en faisant reagir un sel de cobalt-ll, un sel de nitrate de metal et de I'acetate d'ammonium 
en presence d'un oxydant, dans laquelle la concentration dudit sel de cobalt-ll est comprise entre environ 0 01 
mole par litre de solution finale et la limite de saturation dudit sel de cobalt-ll, la concentration dudit sel de 
nitrate de metal est d'environ 0,03 a 2,5 moles par litre de solution finale et la concentration d'acetate d'am- 
monium est d'environ 0,06 a 6,0 moles par litre de solution finale; et 

(b) a mettre ledit substrat en contact avec ladite solution pendant une duree suffisante pour oxyder la surface 
dudit substrat, ledit revetement de conversion au cobalt de film d'oxyde etant par la forme, communiquant par 
la audit substrat des proprietes de resistance a la corrosion et d'adherence de peinture. 

3. Procede selon les revendications 1 ou 2, dans lequel la concentration dudit complexe d'hexamine de cobalt-ll I est 
de 0,04 mole par litre de solution a 0,15 mole par litre de solution. 

4. Procede selon les revendications 1 -3, dans lequel ladite solution de conversion au cobalt a un pH de 5,0 a 9,0. 
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5 " ™ ™^ f/' 0 " J e f; evendica «°ns 1-4, dans lequel ladite solution de conversion au cobalt a une temperature de 
20-72 C (68-160 r). 

6. Precede selon les revendications 1 -5, dans lequel ledit substrat est mis en contact avec ladite solution de conver- 
sion au cobalt sur une duree d'environ 3 min k 60 min. 

7. Procede selon les revendications 1 -6, dans lequel la concentration dudit sel de cobalt-ll est de 0 04 mole par litre 
de solution finale a 0,15 mole par litre de solution finale, la concentration dudit sel de nitrate de metal est de 0 03 
a 0,2 mole par litre de solution finale et la concentration d'ac&ate d'ammonium est de 0, 1 5 a 0,7 mole par litre'de 
solution finale. 

8. Proced6 selon la revendication 7, dans lequel ledit sel de cobalt-ll est un sel de cobalt-ll qui a une solubilite 
mmimale de 0,01 mote de sel de cobalt-ll par litre d'eau a 20°C (68"F). 

9. Procede selon la revendication 7 ou 8, dans lequel ledit sel de cobalt-ll est CoX 2 , ou X est un ou plusieurs elements 
choisis parmi CI, Br, N0 3 , CN, SCN, 1/3P0 4> 1/2S0 4 , C 2 H 3 0 2 ou 1/2C0 3 . 

10. Procede selon les revendications 7-9, dans lequel ledit sel de nitrate de metal est choisi parmi Mq(NO,)o 6H,0 
Ca(N0 3 ) 2 .6H 2 0, NaN0 3 , KN0 3 ou LiN0 3 . 2 ' 2 ' 

11. Procede selon les revendications 7-10, dans lequel ladite solution de conversion au cobalt est preparee par une 
sequence de composition de bain comprenant : 

(a) la dissolution dudit sel de cobalt-ll; 

(b) la dissolution subsequente dudit sel de nitrate de metal: et 

(c) I'addition subsdquente d'ac6tate d'ammonium. 

12. Procede selon les revendications 7-11. dans lequel un oxydant est ajoute a ladite solution de conversion au cobalt 
pour oxyder les ions cobalt-ll en solution en ions cobalt-Ill. 

13. Procede selon la revendication 12, dans lequel ledit oxydant est le peroxyde d'hydrogene, B>0 2 . 

14. Procede selon les revendications 1-13, comprenant I'etape supplemental de mise en contact dudit substrat re- 
vetu avec une solution aqueuse d'etancheification comprenant du sulfate de nickel, NiS0 4 .6H 2 0, et du nitrate de 
magnesium, Mg(N0 3 ) 2 .6H 2 0. 

1 5. Procede selon les revendication 1,3-14, dans lequel ledit substrat de metal est de I'aluminium ou un alliage d'alu- 
minium. * 

16. Bain chimique aqueux pour produire un revetement de conversion au cobalt de film d'oxyde sur un substrat de 
metal, ledit bam chimique consistant essentiellement en un bain aqueux prepare en faisant reagir : 

(a) en presence d'un oxydant qui oxyde les ions cobalt-ll en ions cobalt-Ill' 

(b) un sel de cobalt-ll; 

(c) un sel de nitrate de metal; et 

(d) de I'acetate d'ammonium; 

?i^M^L!f dlt dG C ° batWI eSt CoX2 ' ° D X 6St Un 0U plusieurs * ,6ments choisis P a ™ Cl > Br, N0 3> 
CN, SCN, 1/3P0 4? 1/2S0 4 , C 2 H 3 0 2 ou 1/2C0 3 . 3 

17. Bain selon la revendication 16, dans lequel ledit sel de cobalt-ll est un sel de cobalt-ll qui a une solubilite minimale 
de 0,01 mole de sel de cobalt-ll par litre d'eau a 20°C (68*F). 

18 ' 2S ! 6 L°u ^ :fT dlcatbns 16 " 17 ^ dans ^ ted " sel de nitrate de metal est choisi parmi Mg(N0 3 ) 2 .6H 2 0, Ca 
(N0 3 ) 2 .6H 2 0, NaN0 3) KN0 3 ouUN0 3 . 3 2 2 

19. Bain selon les revendications 16-18, dans lequel ladite solution de conversion au cobalt est prepare par une 
sequence de composition de bain comprenant : 
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(a) la dissolution dudit sel de cobalt-ll; 

(b) la dissolution subs6quente dudit sel de nitrate de metal; et 

(c) I'addition subsequente d'acetate d'ammonium. 

20. Bain selon !es revendications 16-19, dans lequel ladite solution a un pH de 5,0 a 9,0. 

21. Bain selon les revendications 16-20, dans lequel ladite solution a une temperature de 20-72*C (68-160T). 

22. Bain selon les revendications 16-21 , dans lequel un oxydant est ajoute a ladite solution pour oxyder les ions cobalt- 
I' en ions cobalt-Ill. 

23. Bain selon la revendication 22, dans lequel ledit oxydant est !e peroxyde d'hydrogene, H 2 0 2 . 

24. Utilisation d'un bain chimique selon les revendications 16-23 pour produire un revetement de conversion au cobalt 
sur un substrat en aluminium ou en alliage d'aluminium. 
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